Symbiosis is a ubiquitous phenomenon in the biological world. A typical example of mutualism is gut microbiota and their host, especially human. Host use the gut microbiota to consume food to get the energy and nutrients necessary for survival, while the gut microbiota gains habitat and nutrition. Gut microbiota interacts with host to form a balance state that is closely related to host health, and the dysequilibrium can result in many diseases in host such as obesity, high blood pressure, inflammatory bowel disease, and cancer. The gut microbiota participates in host metabolism, organism immunity, gene expression, disease development, and drug efficacy, while it is also affected by diet, antibiotics, lifestyle, inheritance, and time. We systematically reviewed the interaction between host and gut microbiota, analyzed the application status of the gut microbiota in the treatment of host diseases, described the main problems in the treatment, and provided new ideas for the application of gut microbiota in the treatment of human diseases.
Symbiosis refers to the close and mutually beneficial relationship formed between two different organisms. Symbiosis is a very common phenomenon in the biological world and the symbiotic relationship in nature mainly includes parasitism, mutualism, commensalism, amensalism, neutralism, and competitive symbiosis. Mutualism is the most perfect combination of symbiotic relationship for they can provide beneficial help for each other's survival. Of course, this kind of mutual assistance behavior is passive and unaware for them. They just instinctively choose the most beneficial way to survive for them under pressure based on natural selection of species [1] .There is a close symbiotic relationship between humans and microorganisms which are interdependent and coevolved [2] . The host can provide a stable habitat for the microorganisms, while the microorganisms provide the host with the nutrients necessary for growth and development and improve the host's adaptability to the environment. In vivo symbiotic microorganisms are divided into two types: facultative endosymbiotic bacteria and obligate endosymbiotic bacteria. The obligate endosymbiont bacteria has a long-term coevolution relationship with the host, and it is critical and essential for the survival and growth of the host. The coevolution time of facultative endosymbiotic bacteria and host is more transient; its presence in the host is unstable and its function is not essential for host survival. Many symbiotic relationships may initially be facultative symbiosis and these creature will become more and more dependent on symbiotic relationships after longterm evolution, because symbiotic features have an advantage in the natural selection of survival. In the end, the symbiotic parties will depend entirely on the symbiotic relationship to obtain food, shelter, enzymes, and other means of subsistence [3] .
Humans and gut microbiota are a very typical example of mutualism. There are countless bacteria and other microorganisms in the human intestines. In fact, human excretions are mainly composed of bacteria. The human body utilizes the gut microbiota to get more nutrients and calories from the food, while the gut microbiota gets a stable food supply through the body. The normal gut microbiota contains 100 trillion microbes, 500 to 3000 species, and 5 million genes, 100 times more than the human genome. The human gut This article is part of the Topical Collection on Medicine microbiota is mainly composed of Firmicutes, Bacteroidetes and Actinobacteria, strict anaerobes (Bacteroides, E ub a ct e r i um , Bif i do ba c t er iu m , Fu s o b ac t e r i u m , Peptostreptococcus, and Atopobium) are dominant species while facultative anaerobes (Lactobacilli, Enterococci, Streptococci, and Enterobacteriaceae) constitute a minority [4] . Infants receive microbial Bseeds^in utero and they are quickly covered by microbes after birth. The microbiota of infants delivered vaginally are similar to mother's vaginal microbiota, while cesarean section infants are similar to maternal skin microbiota [5] . In the following year, the infant gut microbiota multiplied in large numbers, containing about 10 14 microorganisms per milliliter of intestinal contents. Feeding patterns affect the establishment of dominant populations; breast-fed infants contain higher numbers of Bifidobacteria and Lactobacillus while formula-fed infants are mainly Atopobium and Bacteroides. The former has about twice as many gut microbiota as the later, but less diversity. The gut microbiota of infants matures within 3 years after birth and becomes adult microbiome [6] .
Gut microbiota is closely related to human life activities and participates in host metabolism, organism immunity, gene expression, disease development, and drug efficacy. It is also affected by diet, antibiotics, lifestyle, inheritance, and time. This article reviews the symbiotic relationship between gut microbiota and humans and analyzes the application prospects of gut microbiota in the treatment of human diseases.
Factors Affecting Gut Microbiota

Modulation of Gut in Early Life
The early gut microbiota determines the characteristics of adult gut microbiota based on the founder effect and plays an important role in the succession direction of the microbial community. The unstable gut microbiota in early life is more sensitive to environmental disturbance and has an important effect on the development of immune system and some diseases in the later life [7] . Exposure to antibiotics in the first year of life increases susceptibility to childhood allergies, asthma, and eczema [8] . A study of 319 children in Canada found that children with asthma developed transient gut microbiota imbalance within 100 days of birth, along with Lachnospira, Veillonella, Faecalibacterium, and Rothia decreased significantly [9] . The sensitivity to chemically induced colitis and asthma reduced after several strains were transplanted to newborn germ-free mice, but the same procedure failed in adulthood [10] .Only in early life, the temporarily antibiotic-associated disturbance of gut microbiotainduced metabolic changes and obesity [11] . During a specific period of time before weaning, the gut microbiota is exposed to the immune system to obtain stable immune tolerance, which is persist in the inflammatory environment of adult life. Inhibiting the exposure of microbiota to the immune system or changing the contact time may lead to the loss of immune tolerance to gut microbiota, deterioration of colitis, and inflammatory response to gut microbiota after epithelial cell injury [12] . These results suggest that there may be a Bcritical period^in the early stage of life, during which microbial exposure or antibiotic disturbances have important and lasting effects on host metabolism, immunity, and other physiological functions.
In addition, gut microbiota varies greatly in different stages of life; the microbiota community of children is obviously more complicated than that of adults, and the adult microbiota community is more uniform, which may be due to the fact that children are developing and the relative stability of adult gut microbiota is higher. Gut microbiota in infants and adults differs in dietary intake and de novo synthesis of nutrients. The infant gut microbiota is rich in genes that de novo synthesis of folic acid, while adults rich in genes utilize dietary folic acid. This is also the case with vitamin B12, and the researchers observed that the gut microbiota of children is enriched in the metabolism of tyrosine, lysine, cysteine, and methionine [13] .
Inheritance
Twins and mother-daughter have more similar microbial populations than unrelated individuals, suggesting that inheritance may have an impact on gut microbiota. A study of twins indicated that Christensenellaceae was most genetically affected, which could prevent obesity [14] . However, researchers did not fully understand the intergenerational transfer of gut microbiota until vertically inherited was proved to be the main route of transmission of murine gut microbiota. The main microbiota compositions of germ-free mice were maintained for 10 generations of inbreeding while a fraction of gut microbiota tended to be exchanged, which could be explained by horizontal transmission [15] .
The health status or diet habits of parents can affect the disease susceptibility of their offspring through epigenetics. The diet-induced intergenerational disease susceptibility is mainly mediated by gut microbiota. A heavier mother-to-be may affect the gut microbiota in infant and increase obesity susceptibility, which is associated with high levels of Bacteroides and Prevotella. These microbes were higher in children aged 1 and 6 months old [16] , indicating intergenerational transfer of microbes associated with obesity. The offspring of dams on the western diet has a high risk of cancer in F2 generation that show increased cancer and accelerated aging, and early exposure to beneficial microorganisms can inhibit intergenerational cancer [17] .
The heredity of disturbed microbial community increased the instability of gut microbiota of offspring and decreased the richness. The inheritance of antibiotic-disrupted microbiome not only faithfully replays in the next generation, but also increases the risk of disease. For example, there was a positive correlation between early antibiotic exposure and the risk of IBD in human children [18] . The IBD incidence of offspring increased significantly after the disturbed gut microbiota was transplanted into IL10−/− mice, indicating that inoculants and genotypes could shape the gut microbiota of offspring [19] . Antibiotic-disrupted maternal gut microbiota may have an impact on the gut microecology and long-term disease of offspring, and antibiotic use before and during pregnancy was associated with an increased risk of milk allergy in offspring [20] .
Food
It can be seen from Table 1 that the composition and quantity of gut microbiota are affected by food, while that of infants is more obvious. The first food entering the gastrointestinal tract may have a profound effect on the development of the gut microbiota. Breast milk contains protein, maternal bacteria, and nutrients, which can participate in the establishment of neonatal microenvironment such as neonatal immune system, form a dominant population of breast milk-derived microorganisms, and protect against obesity or inflammatory bowel disease (IBD) in adulthood. Dietary shift will significantly change the gut microbiota. The gut microbiota of nursing pigs is m ainly Ente ro ba cter iace ae , B ac t eroid ac eae , Clostridiaceae, Lachnospiraceae, and Lactobacillaceae, the number of Bacteroides and Enterobacteriaceae decreases while Lactobacillaceae, Ruminococcaceae, Veillonellaceae, and Prevotellaceae increased after weaning [32] . Dietary fiber, unsaturated fatty acids, and plant protein foods can increase the diversity of gut microbiota, promote probiotics, and inhibit the proliferation of pathogenic bacteria.
Exercise
Exercise can promote energy metabolism and intestinal peristalsis, increase the number of SCFAs producers, and maintain the dynamic balance of intestinal mucosa immune system. Jiang [33] found that under the same dietary conditions, the population of the exercise group showed an increase in the Lachnospiraceae and Bacteroidaceae, and a decrease in Prevotella and Veillonellaceae. Bifidobacterium adolescentis and Anaerostipes hadrus in Bacteroidaceae can produce abundant SCFAs. This is consistent with the research of Allen [34] ; the exercise mice contain more butyric acid in intestines, which is less sensitive to colitis-induced chemical reactions and can accelerate the healing of colitis. The gut microbiota of exercise mice contained more Anaerostipes Coffee
Clostridium↑ Lactococcus↑ Lactobacillus↑
Human [28] Fruit polyphenol Salmonella typhimurium↓ Staphylococcus pyogenes aureus↓
Human [29] High salt consumption Lactobacillus murinus↓
Soybean polysaccharide
Bifidobacterium↑ Lactobacillus↑
Firmicutes↓ Rats [31] spp., Akkermansia spp., family Lachnospiraceae genus, Ruminococcus spp. and Parabacteroides spp., and less Prevotella spp. The increase of intestinal butyric acid coincide with the change of SCFAs producers, and the change in lean and obese individuals is different during the experiment, indicating that exercise training can promote the composition and function changes of human gut microbiota and increase the proportion of beneficial bacteria. These changes depend on obesity status and the persistence of exercise, not diet [35] .Oral polychlorinated biphenyl (PCB) reduces the level of protease-producing bacteria and significantly alters the abundance of gut microbiota in mice. Exercise can reduce PCB-induced changes in gut microbiota, suggesting that the activity level of mice is associated with significant changes in microbial community abundance, biodiversity, and composition [36] .
Antibiotics
Effects of different antibiotics on gut microbiota vary widely due to differences in nature, excretion systems, antibiotic species, doses, and retention times ( Table 2 ). For example, quinolones have weak effects on anaerobe, and they have little effect on gut microbiota no matter given intravenously or orally; aminoglycosides can cause changes in gut microbiota when administered orally, but when administered parenterally, the gut microbiota is less affected because it is mainly excreted through the urine and the concentration in the gut is low; the β-lactam antibiotic has obvious influence on gut microbiota as the drug is excreted through the biliary tract and the concentration of the drug in the gut is high; clindamycin has a strong effect on anaerobe and is mainly excreted through bile, so it has a significant effect on gut microbiota. The short-term effects of antibiotic intake on the gut microbial community were very obvious and well studied. Take Fluoroquinolones and β-lactams for instance, they could dramatically reduced microbial diversity by 25% and decreased the core phylogenetic microbiota by 58.6% 1 week after treatment. Surprisingly, the proportion of several unknown taxa belonging to the Bacteroides genus was increased in the treatment. With the deepening of the research on gut microbiota, the long-term effect of antibiotics on the gut microbiota has attracted more attention. Some researchers found the influence of clindamycin on Bacteroides in the gut could persist for 2 years after treatment [46] .Changes in the gut microbiota lasted 4 years after three patients with dyspepsia were treated with combination therapy of metronidazole, clarithromycin, and omeprazole, without additional antibiotic treatment [47] . Interestingly, antibiotic resistance genes were significantly increased over several years in both cases, indicating that the homeostasis of the gut microbiota formed after antibiotic treatment was elastic and more resilient to the same disturbance again because a greater proportion of the microbiota developed resistance. However, there were studies showed differences in the adaptability of individual microorganisms to antibiotic treatment. Opposite response appeared in the same study which two courses of ciprofloxacin were given to the healthy volunteers. In one group, the initial recovery of the microbiota was slow and incomplete, but recovery was relatively quick after a second treatment. Nevertheless, in other group, a basically fully restored occurred after the first ciprofloxacin treatment, but achieved obvious different steady state after the second treatment, suggesting that the initial antibiotic treatment decreased resilience [48] . Antibiotics can affect the homeostasis of the gut microbiota, making opportunistic species dominant and causing disease. Clostridium bolteae and clostridium difficile, which appear in the intestines of healthy infants, cause disease when the gut microbiota homeostasis is destroyed [49] .
Effects of Gut Microbiota on Human Health
Immune There is a mutually beneficial relationship between human and healthy gut microbiota. It requires avoiding the microbiota-induced infection and suppressing the immune system's inflammatory response to friendly microbiota. When the beneficial relationship goes wrong, a number of diseases happen (Table 3) . In a specific period of time after birth, microbial colonization in vivo can stimulate the development of the infant immune system, while gaining immune tolerance and greatly reducing the incidence of colitis in later life [9] . Maternal microbiota affect the formation of immune system in offspring, and the colonization of microbiota during maternal pregnancy can determine the inherent immune components of intestinal mucosa in offspring.
After the temporary transplantation of wild-type C57BL/6 mice with Escherichia coli (E. coli) HA107 during pregnancy, the number of early postnatal intestinal innate leukocytes was changed, and the proportion and total number of small intestinal innate lymphoid cell (ILC) increased, especially NKp46 + RORgt + ILC3. In addition, maternal colonization reprograms intestinal transcriptional profiles of the offspring, including increased expression of genes encoding epithelial antibacterial peptides and metabolism of microbial molecules. Some of these effects depend on maternal antibodies that may retain microbial molecules and pass them to offspring during pregnancy and in breast milk. Cubs born to mothers who are temporarily colonized during pregnancy are better able to avoid inflammatory reactions to microbial molecules and infiltration of gut microbiota [58] .
The gut microbiota interacts with immune system form part of gut-immune-brain signaling axis to regulate the host hypothalamus-pituitary-adrenal hormone and inflammatory stress in an optimal balance to maintain good health. In this way, gut microbiota directly or indirectly affect the proficiency of immune system and the outcome of cancer. Supplementary dietary Lactobacillus reuteri can upregulate the epithelial transcription factor FoxN1 to stimulate the thymus, and continuously reduce the number of circulating neutrophils, which in turn affects the systemic inflammatory process and cancer progression [59] . Gut microbiota can also affect neutrophil homeostasis by regulating the expression of immunoregulatory factor (AIRE) in mouse thymic epithelium, cxcl5-mediated signaling in intestinal cells, and effect of IL-17 [60] . Gut microbiota forms the mucosal immune system by regulating the differentiation and amplification of several types of T cells. Clostridium difficile can induce colon regulatory T cell (Tregs) and increase the number of Tregs in the body. Butyric acid produced by commensal microbiota can promote the differentiation of Tregs in the body and can also regulate the expression of genes involved in the differentiation of natural Tregs-it can increase the histone H3 acetylation of the Foxp3 gene promoter and the conserved non-coding region [61] . Clostridium difficile can provide critical protection against infectious diseases and inhibit the growth of pathogenic bacteria such as Salmonella [62] .The metabolite of Clostridium difficile-deamino tyrosine (DAT) protects the host from influenza by activating the amplifying loop of type I interferon signal [63] . Bifidobacterium and Lactobacillus secreted inflammatory inhibitor by downregulation of NF-κB-dependent gene expression, the level of IL-8 secretion, and macrophage-attracting chemokine. They can also directly downregulate the inflammatory response mediated by effector T cells, while upregulating the expression of antiinflammatory Tregs in mice [64] . Bacteroides fragilis mediates the transmission of polysaccharide (PSA) to dendritic cells via extracellular vesicles, whereas dendritic cells inhibit IBD by mediating the differentiation of Tregs and the secretion of interleukin-10 (IL-10). PSA can also correct systemic T cell defects, TH1/TH2 imbalance, and guide the occurrence of lymphoid tissue [65] .
Cancer
Gut microbiota can affect the occurrence, development, and therapeutic efficacy of cancer, and is associated with about 20% of cancers, especially colon cancer (CRC). The bacterial content in colon is 1 million times higher than that in small intestine, and the incidence of cancer is 12 times higher in the former than in the latter, indicating the potential role of gut microbiota in colon cancer [66] . Streptococcus bovis, Helicobacter pylori, Bacteroides fragilis, Enterococcus faecalis, Clostridium septicum, Fusobacterium spp., and E. coli have changed significantly in colon cancer patients. Enterococcus faecalis, Streptococcus faecalis, Helicobacter pylori, and Fusobacterium are found to be enriched in CRC tissues with significant decrease of Roseburia and Eubacterium [67] . Fusobacterium nucleatum can stimulate inflammation by aggregating myeloid cell or activating β-c a t e n i n s i g n a l t o e n h a n c e t u m o r i g e n e s i s [ 6 8 ] . Enterotoxigenic Bacteroides fragilis (ETBF) and E. coli carrying pks pathogenicity island can promote tumorigenesis by producing toxins [69] .
The initial structure of gut microbiota may determine the host's susceptibility to colon tumorigenesis. Gram-negative bacteria and positive bacteria seemed to play an opposite role in the susceptibility to tumor. Verrucomicrobia, Bacteroidales, Parabacteroides, Alistipes, and Akkermansia were positively correlated with tumor increase, while Clostridium was negatively correlated with tumor. The number of tumor was negatively correlated with the potential productivity of butyric acid and positively correlated with the host's glycan degradation capabilities, indicating that the balance between protective butyrate producing bacteria and inflammatory mucin degrading bacteria affected tumorigenesis [70] . Bacteroidales and Akkermansia, which degrade mucin, are most associated with high tumor incidence. Mucin degradants may disrupt the integrity of the mucosal barrier and lead to increased inflammation [71] .
Gut microbiota affects the patient's response to cancer treatment and sensitivity to toxic side effects. After transplantation, fecal microbes from patients who respond to cancer treatment can induce an effective response to cancer treatment in sterile mice [72] . Antibiotic treatment can significantly reduce the therapeutic effect of immunotherapy CpG oligonucleotides and platinum chemotherapy drugs on skin tumors, and supplement Alistipes shahii can enhance the efficacy, whereas Lactobacillus fermentum is opposite [73] . Gut microbiota can metabolize irinotecan to produce toxic substances leading to severe diarrhea, and drugs that selectively target E. coli β-glucuronidase can reduce its side effects [74] .
Metabolism
The indigestible carbohydrates in food are mainly decomposed by gut microflora (Fig.1) to produce low molecular weight substances such as SCFAs, which can enter blood circulation through enterohepatic circulation or damaged intestinal barrier. 1/3 of the small molecules in the blood derived from gut microbiota, beneficial such as a variety of transferases, kinases, synthase and coenzyme factors, harmful such as ammonia, phenols, cresols, amines and so on [75] .
Gut microbiota regulates the metabolism of glucose, energy, and adipose tissue through a variety of mechanisms, including inflammation. The internal fat of sterile mice was still lower than that of normal mice under the condition of increasing food intake. After transplanting the gut microbiota of obese mice, the internal fat increased obviously and the metabolism of adipose tissue changed [76] . Gut microbiota affects adipose tissue metabolism by endocannabinoids (e-CBs) and lipopolysaccharide (LPS); e-CBs can control lipogenesis while LPS triggers insulin resistance and metabolic disorders [77] . Leptin is another means by which gut microbiota controls fat metabolism [78] .
Gut microbiota can affect fat accumulation by regulating the degree of whitening browning [79, 80] and regulating the expression levels of fat metabolism-related genes [81] (Fiaf, Acc1, and Fas). Akkermansia muciniphila can affect the expression of PLD1, regulate intestinal mucus thickness, maintain intestinal barrier integrity, and reduce sugar absorption to control obesity and type 2 diabetes (T2D) [82] . Firmicutes can change the methylation level of gene promoters associated with cardiovascular disease and obesity [83] . Enterobacter cloacae can turn off fat-consuming genes, activate fat-producing genes, produce endotoxins, and cause inflammation and insulin resistance in mice [84] . In addition to participating in amino acid fermentation, gut microbiota can also synthesize many nutritionally essential amino acids from scratch, such as rumen bacterial species (Streptococcus bovis, Selenomonas ruminantium, and Prevotella bryantii) can participate in the de novo synthesis of a variety of amino acids [85] .
Lifespan
The delayed onset of apolexis-related diseases is closely related to the changes of gut microbiota; studies have found that the intestinal permeability increases and causes leakage before the death of drosophila, accompanied by changes in the gut microbiota. Antibiotics can improve intestinal function by reducing the number of bacteria associated with apolexis and significantly prolong the lifespan of drosophila [86] . In another study, probiotics and herbal Triphala were fed to drosophila, prolonging their lifespan by 60% and effectively preventing chronic diseases associated with apolexis. This may be achieved by controlling insulin resistance and energy regulation pathways to improve inflammation and oxidative stress [87] .
Gut microbiota imbalance can weaken intestinal barrier and lead to intestinal leakage, release inflammatory bacterial products into the body, thereby impairing immune function and reducing lifespan [88] . Transplanting fecal microbiota from young killifish into old killifish can prolong the lifespan of the latter by 41%, compared with the control group. But, young killifish are not affected by the gut microbiota of old killifish [89] . In addition, the ingestion of E. coli has a profound effect on the lifespan of Caenorhabditis elegans (C. elegans), and the colonization degree of bacteria in the intestinal tract is inversely proportional to its lifespan [90] . E. coli may affect the lifespan of C. elegans by controlling the synthesis of folate in the gut [91] . E. coli cannot absorb exogenous folic acid but can hydrolyze pABA-glutamate into the folate precursor (pABA) and glutamate then de novo synthesis folate. Supplementation of shikimate or pABA in the E. coli diet can eliminate the effect of prolonging the lifespan of C. elegans, but other aromatic hydrocarbon products supplementing this pathway are not [92] .
Application of Gut Microbiota in Disease Treatment
Engineering Bacteria
Cancer has become a major threat to human life and health, the increasing incidence of cancer and the shortcomings of conventional therapy made new treatment urgently needed, and the emergence of engineering bacteria brings a glimmer of light for cancer treatment. It is known that some bacteria can adhere to the surface of cancer cells as a potential tool for targeted drug delivery. For example, the histone-like protein A (HlpA) of Streptococcus gallolyticus can bind to heparan sulfate proteoglycan (HSPG), particularly syndecan 1 on the tumor surface, is responsible for the microbial infiltration into the tumor. HlpA to EcN surface to promote cancer cell adhesion, and endow EcN with the ability to secrete myrosinase. Cruciferous vegetables have the effect of preventing cancer on account of containing glucosinolate, while broccoli contains the highest content. Glucosinolates can be transformed to sulforaphane (SFN) by myrosinase to inhibit the growth of cancer cells and promote apoptosis [93] . Feeding a mouse model of colorectal cancer with the engineered EcN and broccoli diets showed significant tumor regression and tumor reduction. After the tumor is cleared, EcN is separated from the colorectal tissue and excreted. This combination results in almost complete inhibition of cancer cells in vitro [94] .
Salmonella typhimurium can proliferate in solid tumor and exhibit anti-tumor effect. The Frahm team genetically modifies the LPS structure of Salmonella typhimurium to make it less toxic, and subsequently detects its anti-tumor effect. The results show that the genetically modified Salmonella typhimurium can effectively kill cancer cells and reduce tumor progression without causing other diseases in the body [95] . The Magnetotactic bacterium strain MC-1 can synthesize magnetosomes in vivo and directional migration under the influence of magnetic field. The drug-loaded liposome was attached to the surface of the magnetotactic bacteria to construct a novel nano-drug carrier. Up to 55% of the MC-1, cells infiltrated into the hypoxic region of the tumor by injection and magnetic guidance near the tumor of the immunodeficient mice. This method can effectively overcome the therapeutic resistance in anoxic region of tumor and improve the killing effect of drugs on tumor [96] .
Gut Microbiota + Drug
PD-1 inhibitor is a therapeutic agent that can activate the immune system to attack tumor; the clinical response of different patients is vary for the gut microbiota may play an important role in it [97, 98] . Melanoma patients rich in Bifidobacterium longum, Collinsella aerofaciens, and Enterococcus faecium showed better efficacy [99] . The number of Akkermansia muciniphila, Faecalibacterium, and Clostridiales were positively correlated with the therapeutic efficacy, whereas Bacteroides were the opposite [100, 101] .The anti-tumor effect of patients taking antibiotics was weakened and their average survival time was shortened.
The antibody targeting CTLA-4 molecule has a significant effect in clinical tumor immunotherapy, and there are also differences in curative effect. Animal experiments have shown that the T cell response to CTLA-4 antibody therapy is related to Bacteroides thetaiotaomicron or Bacteroides fragilis, and the anti-cancer properties of CTLA-4 antibody therapy can be enhanced by the transplantation of Bacteroides fragilis [102] . Cyclophosphamide (CTX) is a significant alkylated anticancer drug, which can destroy intestinal mucosa and cause intestinal wall leakage, make translocations of Lactobacillus and Enterococcus hirae into secondary lymphoid organs, and promote the production of Th17 cells and memory T cells [103] . Gut microbiota by production P-cresol, a competing compound with paracetamol, affects the metabolites of paracetamol-paracetamol sulfate or paracetamol glucuronide, potentially altering its potency and toxicity [104] .
Gut microbiota is involved in the metabolic process of some drugs and affects the therapeutic effect of drugs. Further studies on the specific microbes that play a role in drug metabolism can provide a theoretical basis for the treatment mode of Bgut microbiota + drugs.Ŝ
upplement Probiotic Bacteria and Probiotics
Fecal microbiota transplantation (FMT) is highly expected in the future for intestinal disorders and gastrointestinal diseases. Ninety-two percent of 317 patients with Clostridium difficile associated diarrhea (CDAD) have disease relief after FMT of healthy donor [11] . Transplantation of Akkermansia muciniphila could reduce the number of Ruminococcus torques, decrease the level of serum endotoxin, promote immune regulation, and delay the development of diabetes mellitus [105] . In a study of 133 patients with ulcerative colitis, the remission rate of FMT was 30.4% and multiple FMT may have better results [106] .
Oral probiotics can enhance the beneficial symbiotic population in the gut and prevent immune-mediated pancreatic β-cells destruction. Supplementary cytoderm of Saccharomyces cerevisiae probiotics can increase the number of Bifidobacterium spp., Faecalibacterium spp., and Ruminococcus spp., then reduce blood pressure and improve blood glucose index in patients with T2D. Prebiotic diet can also regulate glucose and liposome homeostasis, leptin sensitivity, and target the activity of endocrine cells [107] .
Bifidobacterium and Lactobacillus are recognized as probiotics, which can relieve inflammation, constipation, and diarrhea in children. Oral Lactobacillus increased the number of beneficial symbiotic bacteria in the host, inhibited insulin resistance, reduced glucose and cholesterol concentrations, and prevented the onset of insulin-dependent diabetes in mice [108] . Lactic acid bacteria (LAB) can partly prevent infectious diseases caused by Streptococcus pyogenes and Streptococcus pneumoniae, inhibit oxidative damage induced by streptozotocin, improve antioxidant status, and contribute to better control of T2D. In addition, oral LAB can protect mice from influenza virus infection, improve survival rate, and prolong life expectancy in mice [109] . The heat-killed LAB strain Lactobacillus casei DK128 can reduce the level of virus-induced pro-inflammatory cytokine, regulate viralinduced innate immune cells, induce virus-specific antibodies in early infection, and protect against influenza H3N2 virus. Heat-killed DK128 pretreatment can induce resistance to lethal primary influenza A virus infection in mice and cross-protect mice against secondary lethal infection caused by multiple influenza viruses [110] .
Zhao Liping found that dietary fiber can improve insulin secretion and sensitivity in T2D patients by changing gut microbiota structure [111] . The anti-inflammatory effect of dietary inulin-like fructan (ITF) is confirmed under pathological conditions such as obesity, diabetes, or intestinal inflammation. ITF administration increases the number of Bifidobacteria and LAB, the propionate produced by fermentation can reduce systemic inflammation, reduce BaF3 cell infiltration, and counteract malignant cell proliferation in liver tissue [112] . In view of the differences of biological diversity and functional diversity of gut microbiota among individuals, the effects of supplementing probiotics vary from person to person. An Asian diet rich in soybeans can prevent cancer because soybeans can be converted by enzymes produced by gut microbiota into (S)-equol that improves vasomotor disease, osteoporosis, prostate cancer, and cardiovascular disease. The anti-cancer effects of soybeans in the West are reduced because only about 20% of people eating soy-rich foods can produce (S)-equol.
Conclusion and Prospect
The biodiversity and functional diversity of gut microbiota is very important to maintain the healthy physiological state of host. Species-rich microbiota are not easily invaded because they can make more efficient use of limited resources, and different species are specific to each potential limited resource. A microbial community with high functional diversity allows a small but functionally similar species to fill the niche when the dominant species is damaged by environmental disturbances, thereby maintaining the original steady state. Maintain good living and eating habits, reduce unnecessary antibiotic interference, improve gut microbiota during pregnancy, supplement prebiotics in infancy are essential to maintain the homeostasis of gut microbiota, and reduce the incidence of diseases caused by gut microbiota disorder.
The use of gut microbiota to treat related diseases is currently a research hotspot. FMT has been applied to treat CDAD, IBD, and T2D while the use of FMT in clinical treatment still faces many problems: donor's age, health status and lifestyle, number of donors and FMT, ways of transplantation, ethical issues, short-term complications, and long term potential risks. Duvallet [113] found that a gut microbiota community can be associated with a variety of diseases, whether FMT treatment of a certain disease will affect other related diseases is an urgent problem to be solved in FMT safety evaluation.
Microbial exposure in the Bcritical period^of early life has an important and long-term effect on host health in later life, and this Bcritical period^is not easy to determine. Kathryn [49] discovered the immune tolerance time of gut microbiota in mice; however, the results of human experimental studies have not been reported. The risk and ethical issues of gut microbiota intervention in infants are the main challenges facing scientists today. The emergence of microfluidic organson-chips provides a glimmer of light for the study of gut microbiota, which can simulate the 3-D environment of human organs and study the interaction between gut microbiota and artificial organs while avoiding the potential risks to the human body.
Gut microbiota are involved in the metabolic process of some drugs and affect the therapeutic effect of diseases. The treatment of Bgut microbiota + drugs^provides a new choice for the treatment of human diseases. But, the existing detection methods can only reach the level of families and genera cannot determine the specific microbial species. However, the number of microorganisms, drug conversion rate, drug dosage, and other parameters are not easy to control. Highthroughput genetic detection technology combined with microbial databases can detect nearly 3000 microbes and help scientists develop precise research programs. In addition, microfluidic chip technology can be used for single cell screening, analysis, and gene sequencing, with the characteristics of fewer samples, rapid reaction, and automation, is a new microbial detection technology.
Scientists are trying to turn bacteria into targeted drugs using genetic modification technology. Researchers at SYBX use genetically modified E. coli to treat hereditary phenylketonuria. XON Corporation produces a protein that protects the skin by modifying Lactococcus lactis to prevent oral ulcers caused by chemotherapy. However, the therapeutic effect of genetically modified bacteria is slow and the interaction between bacteria and human body is not clear. Transgenic bacteria may transfer the modified genes to other bacteria, causing unknown risks. There is also controversy over the dispose of genetically modified bacteria after treatment. Is there any risk if they continues to colonize the human body? whether the existing technology is capable of completely eliminate bacteria? They will be the next focus of the study.
The prediction of human disease by gut microbiota is another research hotspot. By detecting some metabolites produced by gut microbiota in blood, it may be used as an early warning signal of disease. For example, phenylacetic acid (PAA) may be used as a biomarker in clinical practice, and PAA screening of patients' blood samples can predict their risk of non-alcoholic fatty liver disease [114] . It was found that some specific changes in bacterial growth rate were related to T2D, while others were related to the occurrence of IBD [115] . This method can be used to predict the incidence of certain diseases or to judge the therapeutic effect of certain diseases. Through long-term monitoring of the composition of gut microbiota or the changes of certain metabolite levels before and after the onset of the disease, after obtaining enough sample data, the BP neural network was used to train and learn the experimental data. It is also a new research direction to construct a mathematical model to predict the risk of related diseases through the change of gut microbiota.
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